Most studies of awareness under general anaesthesia use the ability to respond to a verbal command as the primary measure of consciousness. The aim of this pilot study was to discover whether it was possible for subjects recovering from a propofol general anaesthetic to experience conscious awareness without the capability of responding to verbal command. Ten healthy volunteers received an intravenous propofol infusion (1500 mg/hr) until they were no longer conscious. The infusion was then stopped and they were given verbal commands interspersed with random numbers from a recorded tape until they were able to respond appropriately. Seven of the subjects were able to remember numbers corresponding to times 10 to 40 seconds before they responded to verbal command. In none of these subjects was there recall of the number 30 minutes later.
Awareness amongst higher animals is difficult to define and even harder to measure. Clinically, awareness appears to be lost and regained abruptly at the start and end of a general anaesthetic. The point at which this occurs is difficult to predict. Conscious awareness of events that occur under anaesthesia is not uncommon. Markers of return-to-consciousness that are commonly used by anaesthetists, such as eye-opening, hand-squeeze and head-lift, require the execution of motor activity as well as awareness and cognition. There is some anecdotal clinical and electrophysiological 1 evidence suggesting that awareness of auditory stimuli may return before the patient is able to move sufficiently to make this awareness known (even in the absence of neuromuscular blockade). We may therefore hypothesize that the awareness of the environment by auditory sensory input may precede the ability to move and to express that awareness during emergence from anaesthesia.
To attempt to test this, we have examined some of the markers of loss and restoration of consciousness and how they related to auditory messages and commands in a temporal sense.
METHOD
After obtaining the permission of the Hospital Ethical Committee, ten fit (ASA 1 or 2) human volunteers were sought to undergo a brief propofol anaesthetic. Informed consent was obtained and after satisfying ourselves that the volunteers were medically suitable for anaesthesia, they were advised to attend the Day Surgery unit of this hospital on the study day arranged. Each person was prepared for and given a brief propofol anaesthetic; and then recovered according to normal procedures for day case anaesthesia as per the Australian and New Zealand College of Anaesthesia (A.N.Z.C.A.) guidelines.
Prior to induction the subject was primed as to the experimental protocol. This included information about the commands, and a request to recall the first number that they could remember on waking from the anaesthesia, as well as the last dissimilar object they could recall on induction. The experimental sequence is illustrated diagrammatically in Figure 1 .
For each subject the electroencephalogram (EEG) was recorded using silver-silver chloride scalp electrodes placed to produce two bipolar signals (Fp1-F7 and C3-T3). The ground electrode was placed at FpZ. Using this montage we hoped to detect changes in underlying EEG activity of the left prefrontal and left primary motor cortex. We used the Aspect A-1000 EEG monitor using the software version 3.12 (Aspect Medical Systems, Natick, MA, U.S.A.), and collected both the raw EEG signal (sampled at 256/s) and the processed data (5s updates of the Bispectral Index (BIS)) into a personal computer for later analysis. The impedances of the electrodes were less than 5000 ohms in all cases. The low and high frequency filters were set at 0.5 and 70 Hz respectively. The mains notch filter was set at 50 Hz. In order to confirm the accuracy of timing we manually recorded the time of each event using a manual stopwatch in addition to the computer timing.
Intravenous access was secured in an antecubital vein and a propofol infusion commenced at 150 ml/h (1500 mg/h) via a syringe driver pump. At the commencement of the infusion the BIS and raw EEG recording was started and a verbal list of dissimilar objects was read to the participant at 30-second intervals. The endpoint for induction was the point at which a syringe, filled with water, held between forefinger and thumb was dropped. At this point the time was recorded (="syringe-drop time"), the infusion was discontinued and the list of dissimilar objects stopped. The subject was then allowed to awaken and a pre-recorded tape of three-digit numbers and commands was started. The number sequences were randomly arranged to inhibit confabulation. The verbal commands were at ten-second intervals within the number sequences and consisted of simple commands such as "move your right foot". The command itself lasted five seconds. They were repeated for each of four limbs in a random fashion, as previously described 2 . A score of 2 was given for a correct response, or 1 for a response on the wrong side, or 0 for no response. As soon as the patient was able to give a correct response the study was terminated (="command time") and the participant questioned as to the number that they could first recall. This was recorded and the time this represented in the number sequence was recorded (="number time"). They were also asked to name the last object that they could remember during induction of anaesthesia (="object time"). The subject was then transferred to the recovery (PACU) and recovered as per normal for day stay anaesthesia. We have termed the interval between the "command time" and the "number time" as the "awareness to motor-response interval".
Using the IVA-Sim computer program, we calculated the time course of the expected effect-site concentration for the propofol for each subject 3 . Calculations in the simulation program were based on the assumptions that the drugs follow linear pharmacokinetics and that a multi-compartment model is applicable. This program uses a threecompartment exponential to model the pharmacokinetics combined with a standard Hill equation to model the pharmacodynamic and biophase hysteresis.
RESULTS
The subjects consisted of 10 adults (age 18 to 42 years, weight 59 to 120 kg, three female). One subject dropped the syringe even though she had not lost consciousness as determined by verbal contact. She was allowed to recover and the experiment repeated later in the day, confirming loss of consciousness by inability to respond to verbal contact. We used the results of the second experiment. The various times for each subject are tabulated in Table 1 and the associated changes in the BIS and the calculated propofol concentrations depicted in Figure 2 . Only three subjects (#2, #4, and #9) made an incorrect response to verbal command (i.e. scored a 1), and all of these made correct responses within a further 20 seconds. Three patients could not recall any numbers on awakening. These were assigned an "awareness to motor-response interval" of zero. As can be seen from Table 1 , this interval varied from 10 to 40 seconds in the remainder of the subjects. Several of the subjects spontaneously volunteered that they had some auditory awareness of some indistinct numbers prior to the one that they could specifically recall. All the subjects had minimal recall of the numbers, commands, or even the conversation when questioned at full recovery 20 to 30 minutes later. At the "object time" the BIS amongst the different subjects was in the range 86 to 97, predominantly in the high 90s. The BIS at the "syringe-drop time" was 49 to 92, and at the "command time" from 68 to 96.
DISCUSSION
The most important observation in our study was that during the recovery phase from a short propofol anaesthetic (a lightening level of propofol anaesthesia), over half the subjects had some form of auditory consciousness but were unable to express it in a motor response to verbal command. This observation calls into question the common use of response-toverbal-command as an accurate monitor of consciousness, even in the unparalysed patient. Conversely the "awareness to motor-response intervals" were quite short. This would indicate that the brain propofol concentration associated with regaining awareness is probably quite close to that at which co-ordinated motor responses are possible. However, for two reasons our study design is biased to underestimate the "awareness to motor-response interval". Firstly, it is reliant on a functioning short-term memory that is greater than the duration of the interval. It is conceivable that the observed 10-to 40second intervals merely reflect the duration of the short-term memory, and that the true return of awareness may have actually occurred some time earlier. The second reason is that numbers are a very bland, difficult-to-remember stimulus, requiring quite a high degree of cortical function. The "awareness-to-motor-response interval" may have been larger if we had used a more emotionally charged or painful stimulus such as surgery. The precise neurological origin of the delay in motor response is unclear. Our study design does not distinguish between anaesthetic impairment of true motor formation (similar to the phenomenon of "sleep paralysis") and inhibition of response at higher centres-i.e. awareness of commands, but unwillingness to obey them.
The second striking aspect of the study is that, because of the very gradual induction of anaesthesia, it was clear that subjects were able to conduct a completely lucid conversation at BIS levels of 60 to 95, and have no explicit memory of it 30 minutes later. This clearly supports previous data showing that at extremely low doses, propofol acts to powerfully inhibit the consolidation of working memory into long-term explicit memory 4-6 . This well-known clinical phenomenon is not specific to propofol 7 .
We would conclude that in some subjects undergoing propofol anaesthesia auditory conscious awareness might exist without expression in response to verbal command. As a corollary, common tests of 267 CONSCIOUS AWARENESS AFTER PROPOFOL ANAESTHESIA Anaesthesia and Intensive Care, Vol. 27, No. 3, June 1999 conscious awareness that involve a motor response to a command may not be entirely accurate even in the unparalysed patient.
